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Abstract 
As for today, there are a number of uncertainties of atmospheric aerosols physical and optical properties due 
to insufficient observation network over Mongolia. However, one of the observation sites of the ground-based 
Skyradiometer Network (SKYNET) for Eastern-Asia has been operating since 1997 in Mandalgobi province of 
Mongolia. This study focused on more detailed analyses aerosol characteristics (Optical thickness, Angstrom 
exponent, Single scattering albedo etc.) using data sets collected at Mandalgovi sites (45.711N, 106.265E) of the 
Skyradiometer Network. For this purpose, Skyradiometer observation data are processed and analyzed. In addition, 
some preliminary results of aerosol properties analyses of the skyradiometer observation in Mongolia are 
presented.  
 
1. Introduction 
The atmospheric radiation and related atmospheric 
parameters are of fundamental importance to climate change 
studies. Ground based network effort promotes a large 
number of fundamental researches on the atmospheric 
parameters in any given region. SKYNET is an observation 
network to understand aerosol-cloud-radiation interaction in 
the atmosphere. SKYNET has maintained Sky radiometer 
observation site since 1997 at Mandalgobi, Mongolia, in 
collaboration with the Chiba University. This site has been 
instrumented mainly a sky radiometer and radiation 
instruments for continuous measurements of atmospheric 
parameters such as aerosol, cloud and radiation.  The 
SKYNET project aims at a better understanding of long-term 
variability in the radiation budget and atmospheric parameters 
over the eastern Asia and its attributes based on the analysis of 
ground-network data. As for this objective, both regional and 
local analyses are needed to investigate the aerosol effects on 
climate change. SKYNET data at Mandalgobi site provide us 
with valuable information of earths and atmospheric 
parameters. The data are also important for extracting precise 
knowledge on the Earth atmosphere, as well as on physical 
processes of aerosol-cloud-radiation interactions.  
Accurate information of aerosol optical properties defined 
by analyses using data collected by the sky radiometer of 
SKYNET network has been involved research activities in 
the semiarid region of Mongolia. These efforts has allowed an 
opportunity to obtaining comprehensive information of 
aerosol optical properties that will helpful to recognize the 
aerosol effects on regional climate change and future climate 
scenarios.   
 
2. Data and study site description 
The data used in the present study are from the 
Skyradiometer observations at Mandalgobi (45.711N and 
106.265E) for spring, 2007. The data observed at Mandalgobi 
site are compiled and archived in the SKYNET server in 
Chiba University. The data provided from SKYNET server 
of Chiba University have been treated with data quality 
control procedure. We used Level 2.0 data including retrieved 
parameters such as Aerosol optical thickness (τ), Angstrom 
Exponent (α) and Single scattering albedo (ω) at wavelengths 
of 500nm.from SKYNET archive at Chiba University 
(http://atmos.cr.chiba-u.jp).  
The observation site of SKYNET is located in the 
Mandalgobi. The Mandalgobi is one of the administration 
unite in the central part of Mongolia and is lifted at relatively 
high altitude 1,393m above the sea level.    
 
3. Results and discussion 
The aerosol optical properties data used in the present study 
were compiled from the skyradiometer data of Mandalgobi 
SKYNET site; the data are being archived at Chiba 
University. Table 1 summarizes statistical characteristics of 
the aerosol optical properties in Mandalgobi semiarid region 
which analyses have been performed in the current study. It is 
gave an opportunity to evaluate the background 
characterization aerosol optical thickness, Angstrom exponent 
and Single scattering albedo in semiarid region of Mongolia. 
The optical thickness is with mean values of τ (500nm)  
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Table 1. Statistical characteristics of Aerosol optical thickness, Angstrom exponent and Single scattering albedo 
Year/Months N τ σ τ α σ α ω σ ω 
March, 2007 5 0.18 0.07 1.28 0.42 0.94 0.03 
April, 2007 18 0.17 0.04 1.27 0.31 0.99 0.02 
May, 2007 24 0.18 0.05 0.78 0.18 0.96 0.03 
 
around 0.17-0.18 and standard deviation of 0.04 to 0.07. The 
Angstrom exponent ranging 0.78 to 1.28 with standard 
deviation 0.18- 0.42 and single scattering albedos are around 
0.94-0.99 at 500nm with standard deviation 0.02-0.03. 
Figure 1 illustrates the daily averaged aerosol optical 
thickness (a), Angstrom exponent (b), single scattering albedo 
(c) and standard deviations of daily τa (500nm) (d) for period 
from March to May in 2007 at Mandalgobi SKYNET site. 
From Figure 1a the daily average aerosol optical thickness 
values at 500 nm are higher in the second half of the spring 
season than first half. The aerosol optical thickness values are 
generally, between 0.05 and 0.20, however some cases has 
exceed this values. As for the monthly variation of the daily 
average aerosol thickness showed maximum value 0.53 in the 
first decade of May. Thus, daily mean values of τa (500nm) 
over Mandalgobi show the spring seasonal peaks in May, 
2007. In the majority of cases the computed standard 
deviations of daily τa (500nm) range below less than 0.07, 
however, occasionally can far exceed this value (Fig.1d).  
Figure 1b presents the daily averaged values of Angstrom 
exponent, α for Mandalgobi site. The Angstrom exponent 
values showed significant variability which values from 0.13 
to 1.89 while AOT values are between 0.05 and 0.60 and 
large day to day variation in the study period.  
Furthermore, the optical observation data collected in 
Mandalgobi SKYNET site provides by single scattering 
albedo data for this study. As for daily average single 
scattering albedo ω, at 500nm, values range from 0.87 to 0.99 
(Fig.1c). However, mostly values of single scattering albedo 
observed in the range between 0.95 and 0.99. These values 
a)                                         b) 
 
 
 
 
 
 
 
 
 
 
c)                                         d) 
 
 
 
 
 
 
 
 
 
 
Figure 1. Daily mean values of aerosol thickness at 500nm (a), daily mean values of Angstrom exponent (b), daily mean 
values of single scattering albedo (c), daily standard deviations of τ (500nm) (d) for Mandalgobi site (45.711N, 106.265E) 
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 indicate that are close to values in clean region. The single 
scattering albedo obtained in this region at 500nm is similar to 
0.95 in Nagasaki (Nakajima et al., 1989). But some values of 
single scattering albedo as well as 0.87 and 0.89 obtained 
some times for this period that are similar to 0.89 in 
Dunhuang (Kim, D-H. et al., 2005).  
The frequency of occurrence distributions for aerosol 
optical thickness τ, and Angstrom exponent α are presented in 
Figure 2. The frequency histograms of τ (500nm) for 
Mandalgobi site demonstrate the majority of values (75%) are 
less than 0.20 (Fig.2a) and other values (25%) are around 
0.30-0.60. The most frequently occurring values of τ (500nm) 
are about 0.20 for this site in spring 2007. 
The Angstrom exponent frequency for Mandalgobi site 
shows relatively broader distributions. The frequency 
histogram has higher Angstrom exponent’s peak frequency 
around between 0.7 and 1.3. 
a) 
   
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Frequency of occurrences of aerosol optical thickness at 
500nm (a) and Angstrom exponent, α (b) for Mandalgobi site. 
 
The scattergrams of Angstrom exponent, α versus aerosol 
optical thickness, τ (500nm) for spring, 2007 are shown in Fig. 
3. As shown on these scattergrams for Mandalgobi site has a 
wide range of Angstrom exponent values (0.13-1.89) at low 
aerosol optical thickness (0.05-0.20).  It shows a reasonable 
trend of increasing values of Angstrom exponent, α as τ 
(500nm) decreases over study site. There is a most large 
variation of aerosol optical thickness values when Angstrom 
exponent values are smaller than about 0.8 in spring season. 
Therefore, Mandalgobi site shows negatively correlation 
between AOT and Angstrom exponent.  
Lastly, the analysis of the aerosol optical properties should 
be continued with the more continuous observational data and 
to elaborate and improve the analyses for different seasons 
and more optical and physical parameters such as volume size 
distributions and refractive index. 
 
 
Figure 3. Scattergram of Angstrom exponent versus  
Aerosol optical thickness in spring, 2007 for Mandalgobi site. 
 
4. Conclusion  
The conclusions of this analysis are summarized as follows:  
1. Aerosol optical properties (aerosol optical thickness, 
Angstrom exponent, and single scattering albedo) over 
semiarid region were analyzed for spring, 2007, using 
measurements of the Skyradiometer Network 
(SKYNET). The aerosol optical thickness values are 
generally, between 0.05 and 0.20, however some cases 
has reached up to 0.53 in spring. Mandalgobi site has 
large Angstrom exponent ranging between 0.13 and 1.89 
due to fine particles. And there also exist dust particles 
with Angstrom exponent values around 0.13-1.00. The 
single scattering albedo values mostly range from 0.95 to 
0.99. These values indicating close to the values in 
relatively clean region. 
2. Future work is needed to better utilize the SKYNET 
observation data for more detailed aerosol optical 
properties analysis, such as volume size distributions and 
refractive index. 
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